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Perspective on a-Catenin from an
Ancient SourceCadherins and catenins evidently partnered at the dawn of the animal kingdom
to enable the first polarized epithelium, and perhaps animal evolution itself.
New evidence from a primitive slime mold, however, suggests that a- and
b-catenins may have engaged this function independently, long before
cadherins arrived on the scene.Albert B. Reynolds
Life as we know it evolved from
a common single-celled ancestor.
While the origin of life remains
shrouded in mystery, the history of life
is knowable and encoded in the
genomes of currently living organisms.
Through whole genome sequencing of
diverse life forms, scientists are
engaged in a high-tech journey of
molecular time travel. As new species
evolve, their predecessors are not lost,
but instead coexist over time as
separate species and coincidentally
as living molecular records of each
ancestral genome. These records
therefore hold the secrets to our past
in the form of a continuous thread of
molecular relationships that connect
all species inevitably to the ultimate
ancestral genome (Figure 1A).
Molecular time travel, however, is
essentially genome hopping, and
therein lies the rub: travel is limited to
sequenced genomes and, relatively
speaking, there are not all that many to
choose from. Nonetheless, the records
are there for the taking and scientists
can cherry-pick the most interesting
historical events by identifying relevant
organisms for genome sequencing
and/or analysis.
One such event revolves around the
question of how single-celled
organisms managed the highly
improbable transition to multicellularitythat led ultimately to metazoan
evolution and the animal kingdom.
Over several billion years, it appears
that multicellularity arose
independently by several mechanisms,
giving rise to animals, plants, and fungi
[1]. For animals, multicellularity has
been closely associated with the
arrival of cadherin-mediated cell–cell
adhesion [2]. Indeed, cadherins are
virtually absent from all other forms
of multicellular life, including
plants, fungi and slime molds.
The first cadherins on record appear
in the presumed single-celled
ancestors of metazoans, the
choanoflagellates — unicellular
colony-forming flagellates that swim
and prey on bacteria. Interestingly,
the feeding cells lining the oral cavity
of sponges, the first true animals, are
called choanocytes because they look
and feed like choanoflagellates.
However, the cadherins found in
choanoflagellates lack the cytoplasmic
catenin-binding domain found in
metazoan ‘classical’ cadherins, and
catenins are missing altogether. Thus,
classical cadherins and catenins came
together for the first time in the sponge,
the most primitive metazoan, evidently
enabling the organization of the first
complex epithelium and patterns of
embryogenesis that separate animals
from all other complex forms of life [3].
The extraordinary success of the
cadherin–catenin complex isevidenced by repeated duplication
and diversification of the classical
cadherins in vertebrates to more than
26 members, most of which use the
same basic set of p120-, a- and
b-catenin building blocks. The core
design has thus been recycled for
half a billion years while simultaneously
serving as a key driver of vertebrate
cell- and tissue-diversification.
The scenario is a virtual indictment
of cadherins and catenins as partners
in crime and co-dependent enablers
of epithelial polarity and tissue
differentiation, if not animal evolution
itself.
However, a recent study by
Dickinson and colleagues [4],
published in Science, now reports
that ancient a- and b-catenins promote
epithelial organization in a primitive
slime mold. These findings are highly
unexpected on the grounds that
slime molds predate metazoans, do
not make cadherins and should not
be in the business of organizing
epithelia with catenins. The authors
identify a previously unappreciated
a-catenin-like protein (Dda-catenin) in
the social amoeba Dictyostelium
discoidium, also classified as a slime
mold. Next, they establish functional
analogy to murine a-catenin by
demonstrating a direct interaction
between Dda-catenin and Aardvark
(the Dictyostelium homologue of
b-catenin), and between Dda-catenin
and murine b-catenin. Thus, it appears
that Dictyostelium encodes primitive
forms of a- and b-catenin that interact
with one another and presumably
function together.
Dickinson et al. [4] go on to identify
and functionally characterizeaprimitive
polarized epithelium referred to as the
‘tip epithelium’ because it forms around
the tip of a spore structure, or fruiting
body, during amulticellular phaseof the
Dictyostelium life cycle. Interestingly,
they show that Dda-catenin promotes
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Figure 1. Evolution and catenins and cadherins.
(A) Temporal overview of the origin and evolution of life on Earth. Unicellular life emerged from
the Precambrian seas approximately 4 billion years ago, followed by 3 billion years of prokary-
otic life, the first eukaryotes 1.5 billion years ago, multicellularityw650 million years ago (mya),
then the major kingdoms of multicellular life (i.e., Fungi, Plants, Animals), and 3 million years
ago, hominids. The black brackets indicate the classical groups of organisms recognized by
most biologists. The time-scales are approximate and under constant revision. (B) Evolu-
tionary relationship between Animals (metazoa) and Amoebozoa (e.g., Dictyostelium discoi-
deum) and summary of cadherin/catenin status. Despite the evolutionary distance between
Animals and D. discoideum, both contain a similarly functioning a-catenin/b-catenin module,
suggesting the possibility of a common ancestor (LCA, last common ancestor).
Dispatch
R431several functions in the Dictyostelium
tip epithelium that are characteristic
of both a-catenin and epithelial
functions in metazoa. Moreover,
Dda-catenin is upregulated in the
transition to multicellularity, efficiently
bundles actin in vitro, and colocalizes
with Aardvark and F-actin at sites of
cell–cell contact. Importantly, loss of
Aardvark mislocalizes Dda-catenin,
and loss or knockdown of either
protein markedly compromises
epithelial morphology, polarity and
function. These characteristics bear
uncanny resemblance to the effects
of a- or b-catenin ablation in metazoan
epithelia.Dictyostelium, however, lacks
cadherins altogether, making
the above-mentioned properties of
Dictyostelium a- and b-catenins
theoretically impossible by metazoan
standards.
To fully appreciate the conceptual
advance, one needs to consider that
animals have very little in common
with slime molds. Aside from
multicellularity, metazoans are united
by certain principles such as sexual
reproduction. Bodies are developed
from eggs according to a generalized
script that includes cell proliferation,
tissue differentiation and organization
around a central tube with a mouth on
one end and an anus on the other. And
their development and survival depend
on cadherin-mediated cell–cell
adhesion.
Contrast this with the life cycle of
Dictyostelium. If you liked the movie
Alien, it is well worth your time to google
Dictyostelium and settle in for an
evening of YouTube videoon the life and
times of Dictyostelium. In good times,
individual Dictyostelium cells resemble
amoebaeand feedonbacteria.Deprived
of sustenance, the cells stream together
dramatically and self-assemble into
a tower of some 100,000 cells. In the
absence of light, the tower topples and
morphs intoaslug, leavinga trail of slime
as it migrates. Eventually, the slug
contracts to reconfigure into a fruiting
body: the anterior tip climbs skyward to
form a structure that looks a lot like the
Seattle Space Needle but is instead
designed to incubate spores. Seriously,
you can’t make this stuff up —
Dictyostelium is decidedly lacking in
animal-like qualities. Thus, it is not
surprising that these primitive creatures
lackcadherins altogether, aswell asWnt
signaling components and key epithelial
polarity proteins (e.g., PAR, Crumbs,
Scribble) [4]. What is, in fact, surprising,is the presence of a fundamentally
metazoan-like a-catenin homologue
with epithelial-organizing activities
and an affinity for Aardvark.
The findings have a number of
implications, some obvious, others not
so much. For example, the data
suggest an ancient catenin module that
predates cadherins significantly and
yet participates in the organization of
epithelial structure. Because the
module is essential for epithelial
polarity in both Dictyostelium and
metazoa, it may have existed prior to
the divergence of social amoeba/slime
mold (amoebozoa) and metazoa. The
functional similarities in epithelial
organization are nonetheless
surprising given the evolutionary
distance involved (Figure 1A) and the
fact that they appear to have
independently evolved multicellularity.
In any event, some of the organizational
principles underlying epithelial
morphogenesis may go back quite
a ways further than previously
expected. Exactly how catenins and
cadherins came together in the same
organism (i.e., sponges) is not yet clear,
but the presence of cadherins (but not
catenins) in the choanoflagellates, and
catenins (but not cadherins) inDictyostelium, suggest that the
precursors to modern classical
cadherin complexes kicked around for
a while on their own before leveraging
their strengths in animals (Figure 1B).
Finally, it is worth mentioning that
the physical and functional
relationships between a-catenin,
b-catenin and cadherins are still not
fully understood in metazoans. The
notion that a- and b-catenins directly
link cadherins to the actin cytoskeleton
was challenged some time ago, in part
because a-catenin cannot bind
simultaneously to both b-catenin and
actin [5]. Thus, it may be that the
cadherin-independent mechanisms
implied by the new findings in
Dictyostelium [4] are not that different
after all from their metazoan alter egos.
The Dda-catenin–Aardvark complex
does in fact colocalize with actin along
adhesive membranes. Presumably, the
complex could bind a different cell-
adhesion receptor in lieu of a bona fide
cadherin and carry on famously.
Interestingly, the first p120-catenin on
record (i.e., d-catenin) made its
evolutionary debut in sponges
alongside a- and b-catenins and
classical cadherins [6], consistent with
its critical role in controlling metazoan
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R432cadherin stability. That the emergence
of p120 coincides with the first fully
functional classical cadherin complex,
and not with the a- and b-catenin
associated roles in Dictyostelium,
suggests that p120 was originally
introduced to the other catenins
through physical association with the
cadherins. Thus, it is possible that the
Dictyostelium and metazoan
complexes behave quite similarly with
respect to the ancient collaboration
between a- and b-catenins, and differ
primarily by the addition of p120 and
its roles in modulating cadherin
function. Regardless, this newperspective on a-catenin and the
extent of mechanistic similarity
between the Dictyostelium and
metazoan systems will be of interest
on multiple levels to cell and
evolutionary biologists alike.
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Human and Monkey MemoryHumans store a limited number of items in short-term working memory to
perform subsequent operations. A newly described assessment of memory in
rhesus monkeys suggests qualitative similarities and quantitative
dissimilarities to humans.Jonathon D. Crystal
The metaphor of the brain as a
computer dominates our thinking
about human cognition and memory
[1]. The metaphor highlights the digital
nature of modern computers and
applies related features to the
fascinating abilities that people have
to remember information from the
past when performing subsequent
operations on that information.
According to this perspective, human
memory consists of discrete slots that
store discrete pieces of information.
How much can be remembered
depends on the total number of slots
available (overall capacity), the
number of pieces of information
arriving at any one time (selective
attention), and the number of slots
already filled with old information
(memory load) [2,3]. Because this
classic perspective of cognitive
science predates many modern
discoveries about the brain, we might
wonder about the viability of the
hypothesis that the brain has discrete
slots to store discrete pieces of
information. As reported in this issue
of Current Biology, Elmore et al. [4]
have compared the memory capacity
of humans and rhesus monkeys withresults that raise serious questions
about this perspective.
In the new study [4], people or
monkeys viewed several objects, for
example, clip art icons, presented in an
array (Figure 1). After a brief delay,
another array of objects was
presented, but one object was
changed to a different item. The task
for the person or monkey was to
touch the changed object. Accuracy
in detecting the changed object
depends on the number of objects in
the initially presented display. The
capacity of short-term visual working
memory — the number of discrete
memory slots — can be estimated from
the functional change in accuracy with
display size. Following the
assumptions of a discrete-memory
model [5], Elmore et al. [4] estimated
that monkey visual short-term working
memory capacity is at most one item,
whereas capacity for humans was
estimated to be perhaps as large is
three items.
Is it possible that people remember
only three items and monkeys
remember only one item? The claim
that monkeys remember only one item
is particularly paradoxical given the
observed competency of monkeys in
reporting about lists of pictures orsounds as long as four items [6]. The
potential underestimate of capacity
may stem from the assumptions of
discrete memory slots. Indeed, when
a distributed, noisy memory
representation (consistent with
physiological properties of the brain [7])
is assumed, the data suggest that
visual short-term working memory in
humans and monkeys is a continuous
resource that is distributed among
many objects [4]. Limitations in
memory performance, according to
this continuous-resource view [8,9],
are a direct consequence of noise in
the internal representation of each
object rather than being due to a fixed
capacity of discrete items.
It is remarkable that a fundamental
discovery about the representation of
information in humans comes from
a paradox about memory in rhesus
monkeys. Hence, it is valuable to
reflect on the comparative origins
of this discovery. The key ingredient
in attempting to gain insight into
human cognition from work on an
animal model is the use of identical
tactics — the same procedures,
concepts, quantitative theories — for
testing both species, as in the work
of Elmore et al. [4]. By contrast, many
studies of cognition in animals have
used the same terminology [10], but
the procedures, concepts, and/or
quantitative theories have sometimes
been strikingly disconnected from
human research. Although there is the
appearance of comparability, the
disconnect may limit the discovery of
fundamental operating characteristics
of memory, which ultimately may limit
the ability to translate discoveries from
